Introduction 1
Exercise can induce a wide range of whole body physiological adaptations that 2 improve metabolic health and lower oxidative stress [1] [2] [3] . Oxidative stress is a biological 3 state whereby reactive oxygen species (ROS) overwhelm antioxidant defences, increasing the 4 oxidation of proteins, lipids and DNA. It is widely accepted that transient increases in 5 exercise-induced ROS can initiate a diverse range of signalling pathways that lead to 6 adaptation [4] [5] [6] . Indirect biomarkers of exercise-induced oxidative stress, such as protein 7 oxidation [7] [8] [9] , lipid peroxidation [8-10] and antioxidant capacity [8, 11, 12] are routinely 8 measured to give an indication of altered redox balance. One of the most frequently examined 9 biomarkers of protein oxidation is plasma protein carbonyl (PC) concentration. Carbonylation 10 is a stable and quantifiable post-translational protein modification which is ten times more 11 abundant than other protein adducts, such as 4-Hydroxynonenal and glycooxidation end-12 products [13, 14] . Most biomarkers of oxidative stress increase in plasma in response to 13 exercise [11, 12, 15] , as would be expected following an acute bout of increased metabolic 14 activity. However some studies have reported decreases in plasma PC concentration post-15 exercise alongside increases in other biomarkers of oxidative stress [8, 16, 17] . The focus of 16 this review is to explore key physiological factors that might explain these different 17 responses, with a primary emphasis on aerobic, steady state exercise bouts where PC groups 18 have been measured in blood plasma or serum of human participants exercising under fasted 19 conditions. It is beyond the scope of this review to include the results of studies that have 20 examined the effect of habitual diet or dietary supplementation (e.g., high dose antioxidants) 21 on resting or exercise-induced changes in PC levels. 22
23

Protein carbonyl formation 24
PC groups are present in all proteins (carboxylic acid (-COOH) groups), form the 25 basis of their structural integrity, and influence their capacity to function and interact with 26 other molecules. Formation of additional, non-native PC groups can be a result of a variety of 27 irreversible, non-enzymatic oxidative pathways (Figure 1) 
Exercise duration 76
There is some evidence to suggest that exercise duration is also a key factor in post-77 exercise plasma PC formation. Bloomer et al [7] reported that 120 minutes of cycling at 70% 78 antioxidant proteins [5, 41] There are a number of other studies that report (but do not always comment upon) 149 decreases in plasma PC levels following exercise (Table 1) The evidence presented in this review highlights the uncertainty with regards to the 215 mechanistic underpinnings of post-exercise decreases in plasma protein carbonylation. 216
Despite the factors discussed, experimental design and the analytical techniques used to 217 quantify protein carbonyl concentration in the cited studies warrants discussion. 218
The majority of studies included in Table one controlled for factors such as age,  219 training status, dietary habits (i.e. fasted exercise trials), and the time of day that exercise was 220 undertaken. All of these variables have been shown to alter protein balance through changes 221 in protein uptake to skeletal muscle during exercise [68, 69] 
